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ABmaAcT 

Ohio Fdison ccrmpany, Noxso Corporation, MK-Ferguson, and W. R. Grace Co. are 
omiucting a proof-of-cunept (FCC) test of the Noxso flue gas tx-ea- system 
a t  Ohio Fdhm's Turnto Plant i n  Tozonto, Ohio. The project is co-funded by the 
U.S. Department of hergy's (alE) Pittstuqh Energy W&nolcgy center (PEE), the 
Ohio coal Dwelopmt Office ard the project team. l l le  pilot plant treats flue 
gas hrmn either Biler NO. 10 or No. 11 at  Toronto omtaining approximtely 2300 
pp so;! and 350 The pilot plant treats a volute of flue gas equivalent 
to 5 MW of 
a conrmercial process muiule. This paper preserrts the design ard process 
chemistry of the pilot test facility. 

B3- 

On May 10, 1989, a coowrtium consisting of Ohio Edison, NO]LSO Coqnration, MK- 
Fe?quson, ard W. R. Grace Co. si@ a &-shared contract w i t h  the COE/pEIy: to 
omiuct a proof-of-concept (poc) test of the Noxso process. The Kx: pject w i l l  
taly approximately three years to rxauplete, and Me test will be mxiwAed a t  
ohlo Fchsan's T b m  Plant a t  Tc~xunto, Ohio. 

FCC Test Si te  

The FCC Unit will treat flue gas frwn either Boiler  No. 10 OT No. 11 at Ohio 
Edison's Tormrto Plant. 
test can continue as long as o m  of the boilers is operating. A slipstream of 
flue gas w i l l  be taken frwn either boiler in the amwnt of 12,000 SCZM. 
slipstream w i l l  be taken downstream of the To2pnto Plant's electnstatic 
precipitators (=Fa) whi& ranove 99 percent of the particulate matter frcm the 
flue gas. 
percent sulfur. 

FCC Test Schedule 

Detailed design engineering has been -let& ard the major pieces of equipwnt 
have been ordered. 

w. 
m i o n ,  which makes the pilot plant rcplghy 1/20 the size of 

TWO sau-cea of flue gas w i l l  be tapped so that the poc 

The 

The Toronto boilers are pc-fired and burn Ohio coal containing 3.7 
The flue gas typically a n t a h  2300 pp and 350 ppm m. 

aolstruction kegan in I@LVA 1990 and w i l l  be anpleted in 
November 1990. Ihe test is scheduled to begin in 1991 and w i l l  nm 
thmugl August 1991. 
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poc h-ocess Flow D i a a r a m  

The~apcess f low diagram for the poc is .sham in Figure 1. The system isbest 
described by fOllCkving the flow of flue gas, sorbent, and regeneratian gas 
-theP===s- 

~ l u e  gas w i l l  be available f m  either Boiler No. 10 or No. 11 at  the Torcnrto 
facility d will be taken dcwnstream of the 1-espectve BP. 
&tion w i l l  mt 12,000 SCEM of f l u e  gas, @valent to appmximately 5 Ewe. 
The flue gas, once past the BP, w i l l  enter the NOXSO flue gas trea- qsten. 
The flue gas f i r s t  passes thrcqh the a&o&er feed bl- and then is cooled by 
vaporizing a water stream sprayed M y  into the duct work. The cooled flue 

simltaneausly r e n b ~ ~ d .  The clean flue gas then enters a cyclone that returns 

A t t r i t a d  
alorq w i t h  any flyash remaining in the flue gas, and the entire stream w i l l  pass 
thnnqh a baqhcmse for  final particulate remDval. 

After the so* is to lcaded with and W, it is mn0ve.l ham the adsorker 
and feeds the dense phase pnematic CCBNeying system. 
also added to the dense phase conveying system f m  the *up sorkent bin. 
ccrmpressea air is Men used to lift the so* to the sorbent heater. 

the s0-t. 
stremn is passed-through the reactor raising the sorbent 
tenperahre fnm the adsorker twperature of 2509 to the regfaention 
tenperam of 1220oF. ming the heatin3 process, loosely bcxlnd so;! and N4( are 
desorkdard transported away in the ht inggas  stream. 
exit- the sorbent hater passes thro.@ a cyclone wfiich returns entrained 
sorbent larger than 20 microns to the top bed. Finally, the hot a i r  is crmbined 
w i t h  the clean flue gas fram the adsorber and the combined streams pass thrcqh 
the baghouse for f inal  particulate rarwal. Alternatively, the hot air  from the 
sorbent heater may bypass the ba- and combine with the clean flue gas 
daJnstreamof thebaghow. The ambinedstrcams are then returned to the 
downstream side of the plant ESP fnsn where the gas w i l l  exit the plant stack. 

Once the sorbent reaches the regeneration temperature of 1220oF, it is fed by 
means of a J-valve to the moving bed regenerator. The ~ d v e  is used to both 
mntml the solid feed rate to the regenerator and to isolate the sorbent heater 
fnm the regenerator. In the regenerator, sorbent is contacted with natural gas 
in a fashion. Ihe off-gases fran bath sections of the rqermator 
are then sent to an incinerator where a l l  the sulfur mies are oxidized to sq. 
Any excess that p”es 
and H20. 
incinerator flame. 
re- to the pcwer plant duct. 

Fman the steam treatmnt vessel, the sortwlt is again transfen-& by means of a 
J-valve to the sorbent cooler. The sorhent cooler is also a three-stage 
fluidized bed and is also operated. in a onurtercurrent manner. 
passes f i r s t  through the cooling a i r  bl- and then through the three fluid 
beds. ?ke warm a i r  exiting the cooler is further heated in a natural gas-fired 

The base case 

gas then passes th?xxqh the fluidized bed adsorberwhem so2 and Nox are 
entrained so* 1- than 20 microns back to the fluid bed. 

smaller than 20 microns diameter w i l l  pass thrcugh the cyclone 

Fresh so- is 

The 
passes thmq3-1 a disengaging chamberwhere the lift air is separated fmm 

The sorfwrt h te r  is a threestage fluidized bed where a hot a i r  

The hot gas stream 

the regMerator w i l l  also be oxidized to CO, 
Both cabustion a x  and n a M  gas are provided to maintain the 

The incinerator e u s t  is cooled w i t h  air to lz00oF and 

Ambient air 

, 

! 
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a i r  heater before being used t o  heat the sorbent in the sorbent heater. The 
sorhslt temperature is I d l l C a i  in the cooler to the adsorfxr kedtenpXatLm3 
(248q) and is then gzavity fed to the sx%ent surge bin. 
another J-valve, the so- is fed frm the surqe bin to the a d s o ~ a m p l e t i n g  
one full  cycle. 

lhe PX facil i ty differs frm a c a m m d a l  application of the Noxso technology in 
two impoaant areas. 
W h i C h i n t h e o n I m m x d  design d d  be used to prcduce a sulfur by-pmluct frrpn 
the concentrated dseam of FQ and H2S pmduced in the regenerator. 
because Clam technology is cowmercially available and, therefore, does not 
require testing a t  pilot scale. m, the poc does not include N4( recycle to 
the coal cmnbustor. 
heater is recycledtothe ccanbustor as part of the c d x s t i o n  air. 
formation in the coal amhstor is a reversible reaction, addition of N4, to the 
ccmbusticol air suppresses the formation of & i n  the apnbustor. 
an important feature of the WXSO process, the results of tests on N4( recycle 
are presentd i n  this paper. Haever, ~ 4 (  recycle is irrpmctical i n  the poc 
test, s b  the poc treats less than 10 percent of the flue gas proauceaby 
lbmnbJ B d l e r  10 or 11. 

N o x s o p T ( 0 c E S s ~  

The Noxso prccess chembby is relatively sinple. 

e for reuse using natural gas as duxJn below. 

Adsomtion 

The NOXSO sorbent cimsists of NaAlO on the surface of a gamma alumina -te. 
scciim aluminate ed so;! a-& to the follcwing readion mecharu~n: 

Finally, by means of 

Firat, the PX facility does not include a Claw plant, 

This is 

~n the cammercial design, N& in the a i r  leaving the sorbent 
Since q 

S i n c e  this is 

It involves the chemistry of 
adsorbing the FQ a l x l q p 1 1 u t a n t s  and the chemistry of rqeneEltFns the 

2NaAl02(s) + HzO(g) -> 2NaCH(s) + Al203(s) (1) 

sdim hy3mide reacts w i t h  so2 in the flue gas as f 0 l l m :  

NaCH(s) + FQ -> N m ( s )  

The d m  bisulfite is -y aoNerted to bisulfate i n  a reaction w i t h  
9 in the flue gas w i t h  & acting as a catalyst. 

(2) 

N4, 
N a I t s 0 3 W  + 1/2 oZ(4) -> N m 4 W  (3)  

The bisulfate ambines w i t h  a neighhring active site to form scdium sulfate. 

N m 4 ( s )  + NaOH(s) -> NazSOq(s) + HzO(g) (4) 

By a similar mechanism, d m  hydroxiae adsorb N4( fnnn the flue gas to form 
NaNO2 and NaNO3. 
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Rmenmtion 

-tion is acumplished by heating the spnt  sorbent in a i r  followed by 
t r e a ~  w i t h  a miiucirrg gas. 
sulfur ccaopauds. Treatment w i t h  the reducing gas prcauceS a mixture of sulfur 

The . ' I- f of the regMeratian step is amplex, involving the reduction of 
sodium-sulfur and alumina-sulfur ccmpmds. Reactions involving the reduction of 
Saliumdulfur ccanpoPnds with hyckqen a232 as follaws: 

zhe &ing gas is used solely to mciuce d 

-: SQ, HzS, and elemental sulfur. 

Na2SO4@) + m203(S) H2(g) -> 2 N a O 2 ( s )  + H2O(g) + Qtg) (5) 

Na~Soq(s) + miOj(s) + 4 H 2 W  -> 2 N a % ( S )  + 3H20(g) + H2S(g) (6) 

Na2SO4(s) + 4H2(g) -> NazS(s) + 4H20(g) (7) 

Reaction (7) abare proauces a sulfide which -ins on the sorbent after it has 
beentreatedwithulere5ucinggas. Inteststodate, thesorfwhhasbeen 
treated with steam, following treabsnt with the reducing gas, to hydmllyze the 
sulfide to form H2S according to reaction (8): 

N a z s ( s )  + m203(s) + H2O(g) 2m%(s)  + HzS(g) ( 8 )  

The prcduct of N4( chemisorption, i n  the case of h t h  the so- an3 the 
alumina, is unstable a t  temperatures i n  the ran@ 350-4009. w o r n ,  the 
sorhnt's activity tamd N4( is ampletely restored as the Sortwrt is heated to 
the sulfur regeneration tenperatwe of 12209. 
a fluidized bed. 
spent sorbent is recycled to the boiler with the ccrmbustion air. 

The technical feasibility of retunung * theN4(totheccrmbustorwasevaluatedin 
trm previcus pilot tests. ll-e data that 65 pxcent and 75 parcerrt of the 
N4( returned to the ccnobustor, upon the ccrmbustor canfiquration is 
reduce3intheccaabustor. Thesetestspmvedthatthe ' is feasible 
dm its use w i l l  wt in a slimtly him -=-tion of 
N4( i n  the flue gas relative to the mncmtration prior to ~ 4 ,  m e .  

FCCTESTUNITDESIC3T 

Adso* 

Intemals for the poc adsorber were designd by D r .  FredericJc zenz, a noted 
exprt  in the field of fluid ked qineerhq. 
distributor) is a f l a t  perforated plate corrtainjng 72,700, l/16" diarmeter holes 
spacad 0.45" center to center on a square pitch. To amre QllDcIul fluidization, 
the grid pressure "p was set at  30 percent of the pressure drop a~oss the 
sorfwrt bed. grid pressure drop sets the gas velocity thmugh the grid plate 
and the grid hole area (given flue gas f l cw rate). zhe size of the grid holes is 
Fapaicated on the obsenmtion that holes 110 laxyer than four times the plrticle 
dimoeter (dp=14091nkmns) w i l l m t w e e p o n c c a o p l e t e ~ b u t w i l l  
inevitably seal off by particle interference or blockage at the l i p  of the grid 
hole. A similar apprcach was used to design the grid plates in the three-staged 
fluid ked sorbent heater and cooler. 

The so- is heatd with air in 
Ihe mmentrated stream of N4( in a i r  plpducea on heating the 

The adsorber grid (gas 
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Sorbent is fed to the adsorber thraqh a 6" line entering below bed level and 
sloped 600 for the horizontal to minimize attrition by minimizing the force of 
impact as sorbent particles "fall" into the bed. 
overflow into a 6" clcwnccmner with a detachable section that may be to 
test different bed heiqilb in the adsorber. 

Flue gas enters the admrber a t  a flow rate of !4,780 ACFM a t  233q. 
chemical reactions in the adsorker are exotherrm c so that the adsorber bed 
tanperature is 250%. The superficial gas velocity in the adsorber is 2.8 
ft/sec, apKcorimately 2.4 times greater the minimum fluidization velocity 
and a factor of three less than the terrmnal velocity of the smallest particle in 
the bed. A t  baseline conditions, the sorbent circulation rate is 9,673 p3Unds 
per hour into the adsorber. The adsmrber settled bed heirplt is two feet, and the 
s0-t residence time is 45 minutes. 

Sorbent leaves the bed by 

T h e  

Fluidized Bed Sorbent Heater/Cmler 

A fluidized bed is used heat and mol the sorbent because of its extraordinarily 
effective thermal comiuctivity. In prwious tests, a sirqle stage fluidized bed 
was used. 
beds increases the efficiency at which the heat i n  gas and solids is utilized. 
hergy efficiency was not a primary con- in  previous tests. 
is a major concern i n  the poc test, since the poc unit is intended to duplicate 
the design of the cawmercial unit. 

The fluidized bed internals (i.e., pipes to transport sorbent i n  and aut, 
stK.dpipes! y distributor plates, etc.) were designd by Dr. Frederick zenz in 
a manner slrmlar to that discussed previously in connection with the fluidized 
bed adsorber. 

However, nulltistaged fluidized beds are preferred since adding mre 

hergy efficiency 

FWenerator 

Rqener?tion Of the N O W  sorbent Consists of three Steps: Heat- to l220%, 
cmtactlng with a re3uch-g gas, and contacting w i t h  stemn. 
heating the sorbent, adsorbed N4( is desorbed frcnn the 

of the adsorbd N4, was detected in the sorbent heater offgas. 
measurement error, this represents ccanplete regeneration of the sorbent with 
respecttoNox. 

Besides ??I&, scme adsorbed @ is released i n  the sorbent heater. 

sorb€& heater offgas stream w i t h  an average of 6 percent. 

After rtaching the regeneration of 1220%, the sorbent is transferred 
frcaa the sorbent heater to the minq bed regenerator. 
conpmxb are regenerated by contacting the sorbent with a reducing gas follcrwed 
by steam. rxlring the three cmpleted test prcgrans, H 2 ,  CO, H2 + CO, HzS, and 
natural gas were used as the reducing gas. 
mntains q, H z S ,  and elemental sulfur with the relative proportions aepenaent 
on the r-eziucirlg gas used. 

rn the f i r s t  -, 
mrface. 

Meafllrements made daring the LCN tests -that frcrm 76 percent to 99 percent 
Within limits of 

Based on LCIU 
results, from 2.2 percent to 8.6 percent of the adso- SO2 was detected in the 

9~ adsorbed sulfur 

llm offgas f m  the regenerator 
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Each of the r%3ucing gases, wfw coupled with steam tr&ment, successfully 
reg-ted the sorbent. Natural gas requird a higher tanpera+ure for 
regeneration (1130%) ccanpared to H2 (1050%) or H2S (950q). N o n e t h e l e s s ,  
na- gas was chcsen as the regenerant for the Kx: based on ecunmic 
considerations, availability, and the fact that natural gas generates the nwst 
favorable prcduct mix for a Claw plant feed. 

sorfwlt residence times were detemmd * fmm laboratory expriments performe3 a t  
W. R. Grace and Noxso using methane follcnved by steam to regenerate the so- 
in a fhed-bed reaer. The required sorbent contacting time with raauCing gas 
was found to be 30 nunuks and with steam 20 minutes. w i t h  residence time and 
sorbent circulation rate fixed, the regenerator inventory and hence volume can be 
calculated acQ3rding to: 

v = I/ = W(rnS)/P hherev =sorbentyolum, ft3 
I =sorbentlmrento ry! P = sorbent bulk denslty, lb / f t3  
W = sorbent circulation rate, 
RTs = sorbent residence time in 

regenerabr, h r  

'ME poc regenerator consists of two distinct moving bed reactors encased in a 
single, cylirdrical shell, four feet in diameter and approximately 40 feet high. 
( N o t e :  The Poc regenerator is intentionally sized larger than rw&.r& to allw 
testing of s0-t cixcdation rates and residence times beyona the range of 
baseline conditions.) 
and into a conical m i o n  which separates the natural y and steam treatmerrt 
sections of the reactor. 
thruugh the center of the reactor faster than alorq the e l s ,  the angle of the 
cone is 70° which is greater than the Sorbentls angle of lrrternal friction. 
N a M  gas in fed into the conical section thmxgh a Series of concentric rings 
hung inside the cone. The rings pmvide a gas space between the moving bed of 
sorbent and the reactor wall and serve to distribute the gas w i t h i n  the bed. 

me rings are placed a t  an angle of 450 t o  the horizontal. m e  sorbent's angle 
of repose is 23O. 
through a six-inch pipe into the steam treatment section. 
section is also a cylindrical vessel w i t h  a 70° cone a t  the bottcw. 
into the cone through a series of rings identical to those in the upper section 
of the regenemtor. 

The Rx: w i l l  use a dense phase lift to convey the sorbent and m valves w i l l  o p n  
or clase on the sorbent. 

?he transport system w i l l  be a dense phase pneumatic lift that should be nu& 
less at t r i t ing than the wnveying system used in previous tests. 
rate of 0.03 percent/hr of the fluid bed hentory gives an at t r i t ion rate a t  the 
FW of about 6 Ibs/hr a t  base case conditions. 

PRx!EsS SUMMARY 

?he NOXsO pnx=~.s has the follckving aperating advantages wer both existing and 

So- mwes through the upper section of the regenerator 

guard against "rat-holing," i.e., sorbent moving 

Sorbent leaving the upper section of the regenerator passes 
me steam treabsnt 

Steam is fed 

The a t t r i t im  

develophg sulfur relmval processes: 
'I 
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* smtaneous remcnml of 

* h?ochzces m secondary pollution in the form of solid or liquid waste. 

* Agplicable to all coal types ard sulfur contents. 
* Completely dry process with no need for stack gas reheat. 

* oost effective when ccrmpared to amventiondl technology, i.e., flue gas 

* Ppplicable to new and retrofit installatims 

ard N4( in a single reaction vessel. 

desulfurization plus selective catalytic redudion. 
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